Spectroscopic study of Ser92 mutants of human myoglobin: hydrogen bonding effect of Ser92 to proximal His93 on structure and property of myoglobin.
Neutron diffraction studies have demonstrated that the hydroxyl group oxygen of Ser92(F7) is hydrogen bonded to the proximal His93(48) N epsilon H proton in myoglobin (Mb) [Cheng, X., & Shoenborn, B. P. (1991) J. Mol. Biol. 220, 381-399]. In order to examine the importance of this hydrogen bond, Ser92 was replaced with Ala and Asp in human Mb. By comparing the optical, 1H-NMR, resonance Raman, and IR spectra of Mb(S92A) in several spin and oxidation states with those of wild-type Mb, it was found that the mutation causes a structural change on the heme proximal side but not on the distal side. Comparison of the NMR spectra of the cyanomet form of Mb(S92A) and Mb(WT) suggests that the imidazole plane of His93 rotates somewhat around the Fe-N delta (His93) bond upon loss of the hydrogen bond between His93 and Ser92. The 2D 1H-NMR measurements of the CO complexes show that mutation of Ser92 to Ala changes the relative position of the His97 imidazole group to the heme plane, but the change is not so drastic as reported in the crystal data of Ser92 mutant of pig Mb [Smerdon et al. (1993) Biochemistry 32, 5132-5138]. On the other hand, ligand (CO, O2) binding is only slightly affected by this mutation. From these results, we conclude that the Ser92-His93 hydrogen bond maintains the protein structure of the proximal heme pocket, but it does not strongly affect the electronic structure of the heme as well as of the His93 imidazole ring.(ABSTRACT TRUNCATED AT 250 WORDS)